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Reverse transcription (RT) of the tyrosinase mRNA 
and specific cDNA amplification by nested polymer-
ase chain reactin (PCR) have been reported to facil-
itate the early detection of circulating tumor cells in 
melanoma patients. The significance and practical 
value of this procedure for the diagnosis of tumor 
dissen .. ination in melanoma patients are unclear. In 
the current study we analyzed peripheral blood sam-
ples of 65 melanoma patients of different clinical 
stages for the presence of tyrosinase mRNA by RT-
peR using nested oligonucleotide primers specific 
for tyrosinase cDNA. Furthermore. blood samples 
were evaluated for tumor cell growth by cell culture 
assays ;11 vitl'o. No tyrosinase mRNA was detectable in 
blood samples of26 patients with primary melanoma 
and 16 patients with regional lylnph node metastases. 
In five of 13 patients with visceral metastases we 
T he clinical COllr,e of patients with melanoma is routinely Illonimred b)' phy'ical examination, COIll-puterized tomography. magnetic re~onance imaging, and r<Hlionuclide imaging. Thesl' l11odalirie, . a l-though informative, do not detect llIicro llletasta,e.-
that po,e a major ri.-k for a late relapse. A molecular marker 
significant and ,,,ecific for the Inalignanr potemial is 1I0t ye t 
a ailable. 1J,,~ed on the aSHlIllption that a growing rumor sheds 
vi.lb le cl' lI ~ into tlte ci rculat.i on , it h a~ becn sugg ,~ted that circulat-
ing l11e!;lnUnl:l ce ll ~ in the peripheral hloo d Illay function a. sensitive 
and proglHl'tic tumor l11arker~ (Smith ('t .t!, 1<)91) . Tlte ne;,red 
rever~" transcriprioll-polymera,e chain reaction (R. T-PCR). a 
highly ~emiti\'e procedure. can detect tyro;,ina~e IllRNA, which is 
e:xprc"ed in l111'ianoma cells but not in normal peripheral blood 
n: lk Thc pre\ence of ryrosin<l,e lllRNA. therefore. is takcn a, a 
marker for circ ulating tumor cell s in melanoma parient,. Although 
thi, method detect, a single melanoma ce ll tran,ferred to a blood 
.-a III 1'1c, tlte illlpact of this hig hl), ~emiti\ ' e procedure for the early 
di ,lgno,is oftlll1lor prob'lT,sion in mclanol1l 'l parients i;, ,till unclear. 
M,lIll1'cri!,' reccoi\ cd Jul)" 15. 1<)9(" rC\ i,ed Ocrobcr I H. I 'J'J(i: :lL"ceplcd 
t()r public.llion Ocrober \II. I 'J<)6 . 
Rcprillt rL'qllc't, to: Dr. U" c Reinhold. Ilcl':trtnwllt of Ilcrlll:lt%).:)". 
Ulliver\ilY of BOllI) Si~Tlll1lld-l : rclld-Sl1·.I'\C 15, 5-' I OS Bonn. GCITnany. 
Ahhrevi,ltio"': J"IlM(,: periphnal hltlod IllOIlOIIUcfear cell,; R T-PCR: 
n .'\'(.'r\c If.llhc riptioll pol) llH'rtl,L' chain rL" lnion 
found at least one blood sample positIve for tyrosi, 
nase mRNA during a 2-to 4-mo interval. .Allalyses Of 
different blood samples of patients with visceral Ine~ 
tastases taken in a 2-h interval, furthermore. indicate 
that tumor cells only transiently persist in the periph~ 
eral blood. We obtained ;11 ";tro proliferating mela_ 
110ma cells fron.. two blood samples derived frOllt 
different patients with visceral melanOlna nletastases. 
This demonstrates that viable melanoma cells indeed 
circulate in the peripheral blood with retained pro~ 
liferative capacity ;11 v;tI'O. The analysis of blOOd 
samples by RT-PCR for tyrosinase mRNA. however, 
is not suitable for the early detection of tUl110r pro~ 
gression in melanoma patients. Key Ivords: t)lI'osillase 
mRNA/metastatic ",e1atIOII/a. J It",est Dermato/ 108: 166-
169, 1997 
Different investigators reported ditferent incidcnces llf tyrosin<lsl' 
mRNA-pmitive blood ,ample, in m e lanoma patients . particularly 
with primary tumor\ and regional Inetasta\e ~ (Urossart t"t "I, 1993. 
1994; Battayani rf ill, I <)95; I-loon ('/ 111. 1(95) . Uros,arr ('t 111 (1993. 
19(4) reported that in the peripheral blood of parients with visceral 
metasta ses, tyrosin<l'e mRNA is detected in l1('arly I (JO'!/" of tht;' 
cases, whereas another labor:ltory did not detect circulating m ela-
noma ce ll, in the blood of metastaric mclanonla patients (Foss ('f !I/, 
I <)95). To ev,dllate whether circulatin~ lllel:1I101ll11 ce ll.~ arc signit:. 
i C;]l1t markers tor the early and reprudlll'ible predi ction of occult 
Illet<l.-talic disease in melanoma. w e ped()nlled follow-up analy'es 
of blood sa mples of Illehlllolll:t patients in all clinical stages. In 
addition to RT-PCR all;lly\e\ of nlelanocyte-speciti c mit A. \\t;' 
initiated cultures of adherenl ce ll, from periphcral blood. Intere, t-
ingly, mclanoma ce lls co uld indeed be i,olated fi'oll1 ,orne srage 111 
hlood <amples that Wl"re fou nd to contain a tyro'ina;,e IllR.NA 
signal. 
MA·rEIUAI.S ANI) METIIOI)S 
Patients Uiood ,am pies of 65 p:lliellt' wilh IIwl ,lllnll," (39 1lI l"1I alld 2(> 
WOlllell, a~cd 24 -7(, y) alld l,f 2(1 hea lthy l'olllrnl , wert" allalyzed I;'>r 
tYfo:\ina'ic lllllNA cxpre <;\jo l1 . I Il l' fo llowing \l.lg-illg 'Y'll:1l1 \Va' pl'rtonnl'd 
(Mc:Ncl.:f and Gupta. 19(t..t.): ... t: \ ~C l. priln :lr>r IHl'l::tll o ma; , rag\..' II. n.!~ion .\l 
1)'111p h IlOlil- 1nl'{aHal\/..:\ or iTl-triltHil 11lL'r .. \Lil\C': and ..;tage III. di,rullt 
IIlel"<ta'c' . We obttt incd I tJ rill "r heparinizcd blood . and diluted it in 
Halik', balall ccd sa il ,,,Iu tioll: till' franioll "olllainill t; peripher." blood 
11101l01lll ch:a f cd)" (Pl3M C) W;lli i,nlall'U hy dCI1\ilY grad iL'llt o:nlrifui;atlon. 
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-\flcr l11ixillg with SK-McI-.' 1 11h.~ I:IIH)flla ce ll .... (hi ... ti'acnnn \V.I~ ,howll 10 
(ontaill the ttll110r n .-Ih. illlplyil1l-! that thL' circ.:ulalin!t 111CI;1I101lln cell, 
co-purify \\ ilh PUMC ill a dCIl\ity grad it:IH . Towl cL'lllIl,lr ItNA \';1\ 
:xtracrcd lI\illg lhL' TriH.l·"gelll Kil (Sig""", I ki,cllholell . (;enll"")'). rhe 
fo llo\\,lIlg proccdure, \\'en: t'lllplo}'cd In reduce [hl' ri,k of COlltalllin;lIi oll 
rrom prL'\'iOLlIr\I~ :Hllplitil' d prOdUCl\ : 'tl'pardLL' I"O(lIlI\ f(If RNA j\OI.lIioll • 
• m plil-"jc~tioll. ~"d l'Il'nrOl'horeli,; .lIld the U'l' "I' " Iallli" .. r-air 110\\. Iw"d 
and po,iti,'l.' fl.' pJaCl'IIH.'1l1 lip"' . 
SYJ?thctic Oligonucleotides IJrilllcr nlig-olluclcUliol' \l.'qUl'IlCC' were 
dL'n\~t:' d froill puhh,hcd 'cqUl'I1CL'\ (SlIlilh 1'1 .t!. 199 I). rill' "l' r "r outL't" 
primer< (H ,"VRI S'T I (;CCAGA l- rCTCTGTAACCC-.I ' . II rVlu 
5 -\GGCATTGTGCA I (;C~I GCT 1'-.1') "'erc uwd 10 .1I1'plil)· ., DNA li'ag-
mcnt of2H4 hp ill k'l1~tll (Jrtyro,il1:1!1l' c l )NA. \\ilerea!' the 1H.:"(L'd prinll: r\ 
(HTYR3 5 'CTCTTTATCCAATCGA. CCC-3': I-I TV lt4 = S' GC-
TAT CCACTAACTGCACT_.>') product'd a li'a):111eTll of 2117 hI' . Iligh 
pcrtorJn;lIlCl' liquid chromatography- purified l\'fO,ill.l'\C primer ... Wl'fl' pllr-
cha,cd frOIl! Eumgelllcc (Sl'raillg. Bclgium). C;lycl'ra ldeh),dc-.1-phmphale 
dehy-droge11;"c (GAPD II) pri111l'r, wcre dL·rivl·d fr()111 puhli shed ge11c 
'''quencc, (Erco l,111i .., ,,/. I ')HH) : GA I (S ' CGTCGCAGTCAACG-
GATITC-3') alld CA2 (~ ' ATGAGCCCC ACCCTTCTCCAT-.l') \\ere 
u cd to "l11plily a IlNA ti'ag111elll lIr .1211 hI' ill ICllglh or GAI'I>II cll A. 
Reverse Transcription and PCR For reVcc,,' lrall'cripl'ioll (ItT) . dlt' 
R. "IA iSolated f;,o111 .1 hlond ' :II11plc ",a, diluted ill 211 /-L i llf di,tilkd H , 0 alld 
incubated ;1( 6()OC tor I II 111ill. cooled 011 ict'. "lid added lo .12 /-LI -of R T 
b uffer c()lIta illillg 50 11111lo1 r ri,(h),drox),!llelhyl)a111ino111cthallc-CI. pH 11..1. 
S mM MgCI , . O.~ 111M deoxYllllciclIlIde triphosphate (2 111M each), 11.4 
pmol olil(o (dT). Il..Na'l· illhibitor (Bol'l"illger Ma11l1hei111. M:lI1l1hei111. 
Gcnnany). 10 U of MoloIH:Y-111tHI'.e-ll"ukcll1ia-\,inl" fl'\,l'fl\l.' trall"lcript:l\c 
(Pharmacia. Freihurg. Cnn",ny). alld III 111M dithiMhreilol. Aller illcuba-
tion at 37"C for I h alld Ihnaftcr al (,SOC for IlIlIIill. !:hl' tirq-'lralld cI)NA 
pro duc t wao;; precipilated :llId added to ()5 I.d or '~COlld-~tralld reaction mix 
comaining ~O rl1M Tri,(hydrox)'nll'lhyl)allliI10111eth~nc-CI , I'll 7 .5. ~ 111M 
\1 g C1 2 • 30 /-LI(/ IIII hovine " .- runl "Ibulllin. ~'y" vo l/ vol g lrcL'rill . deoxYllllck-
ood" tril'ho'l'h"e (2 111M caeh). I U "r RN",e II (Unehringer Mallllbeim). 
an d 20 U of DNA poly"'e""'e I (IIm'hringer Manllhcim) . Aller inl'Llb.l!:i oll 
at 3 7 c C for J h alld Ihen'an"r '" (,SOC 1(" III mill. Ihe cDNA \\'.1> ex tracled 
In ll)() /-LI o( I'hellol -chloro(ol'lll - i">:II11vlak"hol (2~:24 : I "olh'ol) :!lId 
,ubwqoenll)' purifIed hr c hI'lll11"IUWapl;y through CI4-B-,epharo'e col-
unl n s (Phannac ia). TIlL' puritil-' d c l )NA \V~l ' pn ... ·cipir.ll cd ill rill' PJ'L'\l'I1Cl' or 
I /-Lg of tltNA pcr IIIi " lid rl'su'I"'llCied ill I () I-ti hi-di,rill,'" W~ler. Fi, e 
m ic roJiLcro;; of l':1ch "';,llIlp l c \\",,~ n' \llspl'lldl'd ill 20 J.L1 of hutfer cOI1t;lilling 
HTYRI .Ind IITVR.2 u ligollucleolid," (211 1'11101 each). dl·".\Yllucll'olicie 
triphosphale (11 .2 mM). I I) X PCR-rcactioll hillier (I.hwhrillger Mallnhl'illl). 
2 U of Tnq J)NA-l'ol)"lIl' r~'" (Bochringer 1\I1 '"11111L·illl). rhe PClt ('olldilions 
were Sel UI' '" 1(llIow,: '15 C f(n 5 l1Iill. 1(,l lowcd bv '.i5 C li,r (,S '. 55 "(: lor 
65 \, and 72 D C fllr SO '. for -' 5 cycll'\, I-or I'canlplil-icalioll \'\ ilh thL' 11l',Il'd 
primer> HTVlt.> alld IIVT lt4. 2 /-LllIfrhl' lirll PClt reaclioll 1I';.\ltI1'l· were 
adde d to 25 I-d or rl'adioll l>uifa ,'1lL1 ,uhje('tcd 10 PCR tl)r a turther .>~ 
cycles . FiftCl' ll Illirrolill')"' nfthe a",\;l~' were c lL'ctroph oresed ill a 2'% ng:uo,,-, 
gel. 13lood RNA illt,,!!ril) was alla l)''led h)' RT- PCR hy rIIC"'" "f'pcritic 
prim e rs for the hlllll"" (;API) II mRNA. 
Assessme nt of Sensitivity and Specificity TCII lI1ilili"'r, or whnk 
blood were lI1i,cd ",ilh dilferelll IIlllllbl' r, of Illciallnma ce ll, (S I<-Mcl-.ll: 
10. IJIJO. 1,000. 1110. III . alld I). -l ol,d R,NA wa, cXlraL'll'd. cI )NA wa, 
,ynchc.i'led . alld PClt .lJllpliti('atioll w;" pl'rll>nllcd ",ilh Ihc IITVlt 
prilncrs . peR producr!\ WL'rt' l'k'Cl.r()phorl'~L'd ill a 2. IXI ag-.lro'c ~L'I alld 
tra n sferred Ollto Il rbond N J1yloll 1IlL'lIlbr,111L" (!\I1lL'ro;h:llll BIII.:lalcr, Braull-
clnvcig. Gl'rlll.lIlY) . SOUllH .. TIl hlol Ii ) hridizatioll \V.I\ pl'rfonned wirh a 
DIG -Iabcled oli):ollucl"'lIide prohe deri, 'cd 1'1'0111 Ihc inlern.d parr or thl' 
am plified fragll1elll . 
CelJ Culture Techniques PBMC were i<olall'<I li'om 411- 1111 blood 
~a nl plc" or20 meiallOl11a p:llil'l1t\ ('\,ag-c r. n ::;~ ,wgc II. 11 ~: and '(,lgl' 
Ill . n = 10) hy demit)' l'l'lIlrili.'g"lioli . Cdh (2 X 10" pcr 1111 ) wcrl' plared ill 
tibro l1l'crill-cOalL'd li'\\UL' Ctl llll rt.' platc, (Gihco URI. Eg-gl'I1'\fl' ill. (;c rI 11.111) ) 
Jl1 Illediulll cOII"ii'\tillg- of J)ulhcceo', Illodit-icd Ea~lc', l11Cdilllll, I W V,1 tet.11 
bovinc SerullI I,,,· I h al .~7 " C. IO')!" CO, hllllliJi l'd .'lIno'pherl' , There.d'er. 
nonadhcrclIl n~ I" wen' rell lo\'('d h y \ ' i~Of(HI' washing: with pfL' \V ~tnl1l'd 
mcdiunl . H •. L'\idlial adherl'lIr eel" wtn : c ululn.:d ill I )u lhl'lTO ' , 111odiliL'd 
Eaglc ' , 111cdilllll . 10% fetal hoville 'erUIll. :? 111M ~lutalllillL'. 1110 IU 
pen ic illin per nil. I {)(l J.1.~ qrcpro lll ) ci ll p~I' lid, ,Ind I Ot~'11 cOlldiriolll'd 
medium ohra ill ed Irolll Ih t' lIIel:llll1l11" ('dl Ii",' A.1 7 5. al .~TC:. I (l'y., CI1 ,. 
Gro \ving cell\ were cictachL'd Irolll tilL' pliHl" with 1I.1 (X, el hyll'lIL'diam ine 
lctraacctic acid, 'laiI1L'd for indirect illllllUIlOflw.H'L"CL'IKL' willi .ll1tl-H /Vl \ XI-
\ 1!\A (high lII ok-cul"r "'eighl IIId,IIIlJnla-:l"ociated a llti ~l'l1) 11I0IHlcinl1.'[ 
oIJ1tibody 7("),7 ·1 (killdl), provided hy f)r . S, I' crmlll·. V.dh.II"'- Nc" York). 
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Figure 1. Detection of tyrosinase-specific mRNA in normal blood 
S3111plcs l11ixcd with SK-Mc)-31 cells. I )itli' n:1lI llull1hL" "s of [yn),ina","c 
mil.. A e"l'rl',~illg SK-Ml'I-31 111 d:lI1D 111.1 cellI \\ ere mixed with If) 1111 of 
!lo nnal hlllll.lll hlood. The RNA V'iI' ~xrr:lcr('d fro II I each 'Olllipie lind 
01111pliticd by I, T-PCR ll,ill~ lyro'\it1:JI~l' -"Pl'cific olig:ol1l1cil'oride primen . 
The peR produCt< wcn' d"crrophon' 'l'd ill " 2oy" ag~rmc ~cl (,·1). Sllb,c-
qUL'lll l)', ..;pt!cit-il"ir~ or ;.unplitiL'd rra~lllL'n(\~ \\iH an. t1 ~7cd br Soufh(' rn hlol 
h) bridinnioll ll ,illg ~ DIG-Iabl'led oli~olllldcolidc prohl' deri,'ed Ir011l ti1l' 
illlt' rawl part of tilL' :llllpliti L'd Ira~111el1l (Il). l ~(",(,,,, 1,2, J,.J. , and 5 cOllrainl,,'d 
11). 1I1l1l. 1.0011. 11111. III. and I SK-ML'I-.l 1 cdb. rC'Ill'Clivl·"'. ill :1 llIi,tme of 
\\'hol l· blood. I.,WI-.'· 6- 7, IIl'):ativl' cOlllro ls (PBMC wilhout SK-Ml'I-.I I): 
/"11(' N, PO<ili,'e cOlilrol (SK-Md-J I cell,) . 
and incubiltL'd \\ illt ,I HlIO)"O..;ct.:'ili i s o[hiocr~"l.llL'-<.'nlt.illgarl·d gO:tl :1 11 ri - 1110U "I...' 
Ig-G anlihody. Fluorl' ,ccllCl' \\'~" 3nalY7l'd h) flow cytollu.: rr) Ihill!t a 
FACSca 11 (UL'ctOJl I )ickill,\OIl, I kicidbcrg. C:L'nnany) . Ilolllologoll s leuko-
cyric alllihody t)'pi ll g wa, I'erl<lrlllcd h) IlIicrocytOto'(icity ;IS~")'. BricA)'. 
cells Wl'rL' incuhated wirh ,lppropialc hOl1lnlngnll~ leukocytic ~lI11ih()d)' 
illlri,cra and COl1lp IC lt1CIl( alld ,r~liJlL'd \\ itll c :lrho:\.) t1IH.>re'cciJl - L' lltidiull1 
brnlllidL·. Alllihody- ly,~d n : lh wcrL' ,i..-tL'C:ll'd hy c()t1l1till~ or;lI1~L'-col11rl'd 
ce ll ..; Oil <1 Auorl!I;ceJl (,c l11icr()~copl'. 
Il.. ESULTS 
No Detection of Circulating Melanoma Cells by RT-PCR in 
Early Stages of the Disease To 11loniror circui;lIing melanoma 
ce ll s in sa mpl es 01' peripheral blood. tile R T- I'CR procedure w", 
applied ming nested oli~onuclcotidl' primcr piliI':' 'pccitic for the 
ryro, ina sc eDNA. Thl' sensilivilY oftllc method was determined by 
lIlixing blood ce lls 01' healthy dontll" wirh incn:",ing nllnlherl of 
SK-Mel-3 1 melanoma c(' lb . \-Vherea, ,I() tyrosina,l' mll..NA R T-
peR produn " 'a' detcctl'd in li'cshl), ilolared blond sampll's of 2(1 
normal healthy donors. in blood ,ample, lIIi».ed with melanoma 
celk tyrmin:"e cI )NA ,equencc, WL're ampliticd by peR. rhl' 
detection limit w,,, "bour I (lmel:1I1(1I11" n·11s in III 1111 otblnod. thu" 
providing a semiti\'it) of "ppro"illla[el~ ' one IUl110r cl' 1I per 10" 
PUMe in the peripheral hlood (Fig 1). SOllthcl'II hybridizarion 
:ll1alysc, using an illternal oli~ollueleotide probe for the ryrmina,e 
cDNA "'lluence continllccl thc spccitirity ofPCR products (Fig t) . 
Table I slIlIlma rin's thc resllits or RT-PCR allal)"e' specifIC I,,, 
tyrosillaq: cDNA of():1 paliellts with mei.11l0111<1. \XI" did 1101 dl'tl'cr 
allY Iyro,inasc-'pl'citic mR A cithcr in 'ample, of26 paticlIl' wirh 
prim ary mclalloma of "ari:lbll' Brc,low\ thieknc" 'l1ld or ill blond 
san lpll" of 16 palicnb witll rq~iOllal 1)'lnl'h 1I0de metastases. In onL' 
of six c",cs with in-trallsil IIleta,la',,'. \\ l' amp lil-i ed the tyro,ina;e 
IIlltN A-<pccit-ic eDNA fra~mcllt. T hi, paticnt. howe,'er. ,howcd 
no cli nica l evidl'nee of "iscl'ral 1l1l't<1'la,cs. Morenver. two addi-
ti()lIal blood ~:l1nplc, or (his patiellt obtai lied I and 2 1110 later 
co11taillcd no tyrl)\illa~c-specit-ic mRNA detectable hy th" R T-
pell.. proccdurc. III the follow-up period of I (I lito there \\'a, 110 
e" idl'II l'l' f'or tumor relapse in this patiell!. III fivc of I J paticnls with 
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Figure 2. Circulating melanoma cells are detectable in a subset of 
metastatic melanoma patients. Analysis of tyrosinase mRNA exprcs-
~iol1 ill 10-n11 blood <;;tmplcs of paticnts wirh visccnll J11 c blTI Olna Illcrasr3SCS 
(smge III) was performed by H. T-PCR. (.4). Fifteen microlitcrs of PCR. 
produc t ... from eight different paticl1(',) werc c lcctrophorc ... cd in a 2fv,., agarof\c 
gel (ItII/<·.< 1-8). LillI' N. ncgative control (healthy donor); ItII/(' P. positive 
control (5K-Mel J I mclanoma cells). RNA illtegrity waS analyzed ill all 
" lI1lple< by R. T - PCrt with prime,., for human GAPDH mR.NA (B). 
viscera l metastases, tyrosinase-specitlc mrtNA sequences were 
monitored by PCR amplific:ltion in at leaS[ one samp le (Table II, 
Fig 2) . All blood sampl e~ of the other patients obtained during their 
stage I and II phase of the disease were found to be negative for 
tyrosinase IllRNA. indicaring that detectable amounts of c irculating 
melanoma cells <Ire present during stage III of the disease. but are 
absent in stages I and If. 
Tumor Cells are Transiently Present in the Peripheral 
Blood of Advanced-Stage Melanoma Patients To ILlrther 
evaluate a transient n~leOlse ofturnor cell s in patients with metastati c 
mehlllollla of adva nced stages, we collected several blood sal1lples 
(i'om three different patient, on a given day. A ll of these patients 
were in an advanced stage of the disease with multipl e metastases at 
two or 1110re different anatom ic sites. As shown in Table III. 
c irculOlting cells were found in three of five and in two of five 
sa mpl es in two patients. whereas no tumor cells cou ld be detected 
in one patient. 
Transiently Circulating Melal10ma Cells Are Capable of 
Proliferating To delllon'trate melanoma cells in the peripheral 
blood, we cultured PI:IMC of melanoma patients under different 
conditions. We observed growth of adherent cells with melano-
cyte-like morphology in sa mples from two of 10 different patients 
with visceral metastases. whereas no ce ll growth was ob. erved in 
cultures Irom peripheral blood cells of five stage I and five stage If 
patients. In the peripher~1 blood of both patients with viscera l 
metastases. we detected tyrosinase mllNA by R. T-PCR. The cells 
isolated frolll peripheral blood showed cOlltinuous growth ;11 II;Cro 
tor> 50 d. 11l1l1l11lloAuorescence assays revealed thar the growing 
cell s express the high molecu lar weigh t me lanoma-a 'socia ted anti-
Table I. No Detection of Tyrosinase-Specific mRNA in 
Blood Samples of Patients with Printary Melanoma or 
Regiol1al Lymph Node Metastases 
PatienlS (N) PC R. results" 
S l.lgC 1" 3 1 0/31 
Url'~I(l"v"'. <' I.S ntlll 111 0 / 111 
Brc ... lnw\ 1.5-4.0 ml1l 24 0/ 24 
Urc <; Jo w · ... • 4 .11 111m 7 0 /7 
Stn[.:c II 21 1/2 1 
IIl -tf:l llsit Ill l' t;'lsta scs 6 1/ 6 
Lynlphe lIodl.! Il1ctas[a ";cs 15 0/ 15 
Stage III 13 5/ 13 
,I Sl.lgl' I : IOCitli/ cd di~C;I\ I! . ' r;t~l' II : ill-lr:lIl~il or n .·giolla l lymph flo(h- Illl'w\ra\ClO: 
.. mgt..' I J I : vi ... t,·crdl nu.·W'ilit ... l· .... 
h NumbL'r of tyr() ~ in :tsl.' mllNA p()~ilJ\lC .. amp lcliltom i numher of .. ample .... 
II I E JOUKNAL ()I~ INVESTI(; T IVr t)ERMATOLOI,' 
Table II. Analysis of Tyrosinase-Specific mRNA in 
Blood Samples is not Helpful for the Early Detection Of 
Systelnic Dissemination in Melanoma Patients" 
Vaticnt 
No. St,,[.:c Stage II SL,,!:e III I'CR ~ I<"mple numb,} 
------
- (121110)' I- (4 1110) 2/5 
2 - (71110) 1 (31110) 1/ 6 
3 - (3 mo) + (41110) 1/ 3 
4 (5 mo) 1 (3 mo) 4/ t! 
5 n .r. " n .lo -I 1/3 
.. Bloou ... amples were ('ollCClcd frolll rill' ",line P:H!t.·llI al dilf'i."rL'11l tinH.' inlCf\ ' 
rc l;ncd w ditrcrcnl 'ilag:t'\ of Ihe discOI,,"c . rill.' rC"IU l l\ .. ho\\ lh~ dClccrioll ( + ) \~l· 
Il onclc[ccrion ( ) of lyro .. ill,l lic-'ipccit-ic IllR.NA a«; ana ly,cd hy R. r- PCR. \ 
/. itT- PC P. ... nl1a ' ysi~ W:l" rl· pc ~ItI.:d ,:H :!-4 \-"eel" il1t.e ~va l .. i ll .. l . I!!t.' III pari..:nrs. ~t! 
rC;; lllt ~ I'q1rC~c l1t [he 11 lIIJI her nfryruSIIl:l liC rnRNA posmv(' s<l ltlpl L''' per lOl .1i numbe r \\1 
';III1JJlcs ilnalyzed . 
• Penud of time in month (om) hdtWl' tlw p:\li['n~ cnll"rcd lIll' indi c:Ilcd ,ldvanc l,q 
.. rage' uf di\ca~c \ 
' /I1.l.. 11 0t. tl'\lCd . 
gen (HMW-MAA), indi cating their m elanocytic OI;gin. Further 
more. RT-PCR indicated tyrosinase mRNA expressioll in the cell 
popu larions cu ltured ;/1 ,/;(m. The hOlllologous leukocytic ancibod\ 
profiles of cu ltured ce ll s were A I. 1317. w4; and All. 1335 , al1q 
Cw7. respectively. identical to th:lt of the donor, w hich confi.mle~ 
the donor origin of the cells. 
DISCUSSI N 
Recent efforts to monitor the merastatic potential of tUCllor cells u, 
m elanoma patients are hased on the detection of the me lanocyte, 
associated marker, tyrosinase, in rhe peripheral blood . Our result, 
confinl1 that by means of RT -PCR, tyrosi nase rn RN A can b" 
detected with high specificity and sensitivity in blood S'llllple, 
mixed with melanoma ce ll s (Smith ('( ai, 19<) I; Foss ('( al. 1995). III 
blood samp les of patients with p,-imHry melanoma or of patient, 
with regional lymph node metastases. however. we did not t'illd 
tyrosi nase mRNA by rile R.T-PCR procedure. Except for Oll~ 
sa mple trom a patie n t with in-transit metastases. we obtau10d 
ampl ilicMioll of tyros inase cDNA exc lusively in advanced-stag" 
melanoma patients with visce ral m etastases. W e ohserved cyrosi. 
na,e mRNA in 38'X, of these patiellt~, whereas fi.·equencies lip t o 
1 O()'X. tyros in ase-pos itive blood san lpl es ill disseminated melanol11a 
patiellts were reported (I:Irossart ct ai, 1993; 1994). Our results arc 
in agree m ent with oth er studies de.scribing approximately 20%- 6()1l, 
positive PCrt results in patiellts with di sra llt l11 l!ta~t"ses I (Seiden "C 
ai, 1994; Battayan i c( al. 1995). On the other hand. Foss c( al (1995) 
, Cliiser R. Hauschild A. Lohmeier C. Q'lrte"J. MrowicL7 U. Schliiter C. 
ChriSLophe" E: Deterlllin ation of ryro,illase mRNA in peripheral blood h 
not" prognostic marker for progr,,<sivc melanoma . Arrl, Oenllocnl Re .• 
288:278, 1')96 (ahm) . 
Table In. Circulating Melanoma Cells in Stage In 
Patients are not Continuously Present During a Single 
Day 
PCll.. resu lts (PCR 1- ) 
Time point Patient I Patient 2 Paticnr .3 
7:30 AM 
10:00 AM + 
12:00 AM 
2:0() I'M + 
4:00 PM 
,~ Blood .. al11plc'i (rom the .;;amc paril'llI wen: lakell ,II difli..-rclIl illtt.'fV:II .. on lh~ lOam l' 
da,..· . P R-po <;itivc rcsui1!1 illdi e,all.' iHllplifi c:llitlll ()rl)'TlI~iml \l!- ~pcc ili f eDNA fr.lgtnc m, 
hy PCR. 
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did not detect tyrosil1a~e mll..NA ill melanoma patients with 
metastas ic cLitaneOliS and uvea l di~ea'e . 
In ollr hands. the RT - peR reached a sensitivity of "pproximately 
one melanoma cell ill I 1111 of blood . Beca use GAPDH-specitic 
mRNA was defected ill all differenr blood sa mple s allalyzed. we 
think it rather ulllikely that lac k of detectable tyrosilla~e mRNA i, 
due to nompecitic illhibitors of the PC R. reaction. Moreove r. the 
rare detection of melalloma ce ll, illlplil' ~ that tumor ce ll s arc rarely 
and transiently present in the blnod of melanonla paticllts. Analysis 
of blood samples taken at 2-h interval, from thc sallie patient with 
stage III mel3nOIl1<1 sustains thi, conclusion. This is in agreemcnt. 
furthe rmore. with the result, of othl!r invcst igators dl!monsrratillg 
tyrosinase mltNA- positive a, well a, mltNA-negativl! blood sa m-
ples from patients with stage III disease durillg follow - up studies 
(Battaya ni ef nl. 1(95). III othcr so lid tutllors, circulatillg tumor cells 
were detectable in ollly a minoriry of patients with di sse tllinated 
metastases (Peter I'f nl. 1995; Seiden 1'/ (/1, 19(4). Brown 1'1 nl (1995) 
identified circulating tUllIor ce ll, in the peripheral blood of patient. 
during surgery for breast cancer hm failed to detcct tUlllor cells in 
postoperative blood sa mples obtained 24 h after surgery. Tr'lI1sient 
shedding of tumor ce ll s into the bloodstream may explain ,It least 
some of the discrepan cies in the de tection of circulating l11elanoma 
cells in patients with ad\'anced stage di,ea,e. The different results 
reported on patients in early clinical stages. however, remain 
unexplained. 
To dcmonstrate vi:lble tUlllor ce lls circulating in thc peripheral 
blood of melanoma patients, we l! ~ tahlished continuous ly proliter-
ating tlI1110r ce lls ill Il ilm fi 'o lll peripheral hlood 'ill11p l e~ of twO of I 0 
different donors with visceral m etastases. These cells were indeed 
derived frOl1lme lanOlllil as indicated b), exprcssion ofHMW-MAA 
an tigens and rhe detecti on of tyrosinasc III RNA using R T -PCR. 
Donor specif-iciry of culrurcd cells was contintled by homologou. 
leukocytic anribody phenotyping. We o lnervcd cell growth on ly in 
cu ltures containing conditioned medium . This is in agreelllent with 
the o bservation that lI1elanoma cc lls need ~pccitic W'owth f.'lcto rs in 
the initial phase of iu "il/'ll growth. The successful cstablishmenr of 
melanoma cell growth strongl), indicates that viable tumor ce lls 
exist bo th in the periph era l blood of mclanoma patients and in bonc 
marrow Ooshi 1'1 fli. 1(87) . 
A ltho ugh we detected tumor cells ;II' Icast ill a suhgroup of 
melanoma pati ents . our results indica te that analysi s of ryrosinase 
mRNA in blood sa mples of lI1elan o ma patients i~ not \uitablc tor 
the detection of ea rly me tastati c progression. Anatomi c cOI1lpart-
ments other than thl' circulating hlood ma y represl' nt a more 
C nt(,UI.A n c; Mri .ANOMA CI· Il.S 169 
~ iglli~i ca n[ re~erv() ir tor tl1i cl'O ll1ctast3tic di sen~e in difterent types of 
solid tumors (Pantel ('( ,,/. I ()95). In thc casc of tl1elanoma. 
monitoring of tyro.inase mltNA analysis i.n bone marrow Illay 
pro\'ide a more useful procedure for the detcction o f microl1lcta-
static disease and its early progression. 
R EFERENCES 
B'ltlay~l1i 7. Grpb JJ. X 1..' rri L. Nul,..' C. 7.lf0l1f 11. J !Oll\,.ll..' I1Cghd G. IJdpefo JR. 
Birmb.1l1ll1 n. I I .. ,IiOUIl J. BOIll'randi J.J: Pn l yll1t..'r:l'~ chain re:tctioll dell'nioll of 
rin:uladng: I11cialloc)",,':> ii' ;1 progno!l ric mark.cr in P illic ll(\ \.\ itll tllcI:1I10J11a . ,'I,rll 
f)"I'I/wfrl/ 131 : -I-I l-~"'7. 1f)95 
Bro""art p. Kcilho ll. U. Scilcihl.'l1hu!;l'1I C. M6hlcr ~I. \'Villh::llh'k M. 'hl11\l cin \XI : 
1ll.'lenioll of rc,i du <l1 tllmor cL'il, ill paliL'lH" wirh 111:tlig-l1:1n[ 1llf.., lanol11a n..·\polld-
ing 10 illll lluIlOlhl'rapy. ) 1IIIIIIIiIII.Jf /".,-aI'Y 15:.18- -11, 19()-I 
Bro,,\an P. Keilholz U. \'(·' illh .HH.I... M. St:hcihcl1hog,c ll C. M6hlcr T. 111IIHIt..'in W : 
l-h.· llIato~L'!H)tI"i \prt.~nd of II1nligll:uH I1h., lal1ol1\,l (:ell\ in Jitf~rclli \[:lg:c~ of Jhe:hl.' . 
I 1I,,'l's, f)1",wllU,1 I OI:~H7-H~9. I f)t)J 
Uro"~n I)C. Puru 'ihothalll At>. Bi rnie en, (;I,'orgc \\11): I ktcnion \)fil1trallpcl'ati\~ 
WItH.H' cd l d i\\el11ill ;t tion ill paril'lIt\ " it lt hrl' ,I'1 C:lIlCl'r hy u\!.! of rl"'l'r\l' 
rr:IIl 'I.. ... ipliull oIl1d polymer.I'L· clt.lilt rt..',u..' tinn . Slfl,~j")' 11 7:()(,- IOI, 191)5 
bTolani L. 1:!orl'!H'l' B . J)Cllitfll M. Alex,lI1dl'r M : h ul.ltioll lind C(1ll1plt.'tl' "Ctllll'IH'C of 
;] tll llction:11 hUlllal1 gIYCCfillddlyde-3-p I1O\pll .ltc dcil)urog:cna"il.· gCl l l~ , J Hi,tl 
CflclIf .\(/; I ';.\35- 153-1 I. I ')Sll 
hl\\ A.lE. Gui lll.' MJ. On:lc"wlI N I . 11 )l...in PG. IlulIgcrtord .IL. Lighl1l1 :111 S: Till' 
OCICc:tiOIl of I1Il·lanOlllil l'e lh ill pcriphcrnl hlood h) rc\'cr~t' cr:lI1\lTiption-
PoIYllh.' r.l )Oc eh.lin n.·'H.· tion . Ii,.) C(I//(('rT2 : I :;S-ICjt), 11)1);; 
110011 nSB. \V .. n~ y, D.i1c PS, COllrad AJ. Schmid P. G.lrrbun 1). Kun C. Fo .. h.lg IJ . 
Nirlc AJ. Monon 0 1,: Dl'll'Criol1 of occult 1l1l·1nnol11:1 t'c ll 'l ill hlond with a 
llluilil'll'-II1:1rkl~r poir1llcr,t'l.· chain rC:ll' tiO ll :1"i~ay . .1 C:Ji" 011(,,1 13:21 ( 1)-2 t 16. 
11)95 
JO'ilti SS. KI.',,;:ill}!'l'r A. M;tnn SI . SIL" ·l.'U'OIl M. \X' l,j,cnhurgl'r Dn. V:1u).'::h:t 1l "VP. 
A rill i(..tf!l' .1 0. Sh.lr!"': Dl·tcniol1 of 11I<11igrwIH cd I, ill hi ~cn l lll!ica ll ) 11 0rm.11 hOI1(' 
1I1 llrn)w u )oi l1 ~ ('u hllrc [I.'Clllliqllc,. HI)IIt' .\lmTIHI' Tnlllspltlllf 1:3 11 -] I:;. 1 CJH7 
N1l'NcCl- c.;, Gllpl ,l 'I'D: Pro~IH)'i i \ ill llIalignant l11l'blllllm.1. SIIIXI''1' S():5 12-51 S. I ()(,4 
l'al1tL'1 K, l>irkm.lIl1l'i A, Zippclim A. Kit-ill c, Slti J , Il ncrhtkn-Voll mar 'J./. Sl hlimok 
G. \XfL'l·kl.'rlll .1I11l D. O bc ntL'ot;' r R. F:llll1iu ).! E. R.kthmullcr G: E .. lahli\hl1lcllt of 
minoIllL·t.I\lntic carci no m.ll·c lllillc\:;j non.' 1 "' lIrcL' oftullwr rell ,·accillc ' _.1.\'flrl 
Cn"ft'l I IIJI K7: t t ()2-t 16H. 19')~ 
Peecr M. M'Ig:lh..'lcll.1I II. Michon J. !VIdor T, Ohl'rlin O. Z li r lcr .1M. TIIl.lI11a)o G_ 
DcI:ntrl' 0: Sl'l1\iti\'ir) dL'tL'l'rion of uccu h Ewing:\ cclh hy rl:vcr'i."" IT:lI1\t'ripta\L'-
POIYIIlL·r,I\ .... cll.lin rC:1('tiol1 _ Hr J ( :.1" (1'1 7 2:I)(l- 1 fHI. 11)<)5 
SeidclI MV . K.I1HOtf P\V. Krith h;I)O K. Prllpert K. Brya nt M. Haltolll E. 0a)lh'';; L. 
Kaplan I. Bllhl ~y G. Dc\'('o lf \V . Skl,lr.l : DCH.'I,.· [ioll of dn'lIlatin ~ tumor cl'lh in 
men with h,,·.dilCd pnhtale l';IIIl"Cr. J CIi" Ounl/ 12 :2(,.14-2(,Y). 1994 
Sinidl U. Selby P. Soutllgarc J. PiUIll.ln K . flradl~r C. Blair GE: 1 krl.'(-{ion ofntt."lallllll1J 
n 'lI .. in pcriphl'ral hiood b) 1llcan' of rC\'t.~r"~ 1r:U1\Criptll,\l' .lI1d I'nl) I11craw cit'lin 
rc.lctinll_ LtltkC'f .\ ~\N: 1217-1221). 19') I 
